Molecular cloning and characterization of the promoter of SmGGPPs and its expression pattern in Salvia miltiorrhiza.
Geranylgeranyl diphosphate (GGPP) synthase is an important branch point enzyme in terpenoid biosynthesis. It regulates the formation of diterpenoid, such as tanshinones. We cloned a gene for GGPP synthase SmGGPPs involved in diterpenoid biosynthesis from Salvia miltiorrhiza. At 2,767 bp long, this gene comprises an intron and two exons that encode a polypeptide of 364 amino acid residues. Then the 5' flanking sequence of SmGGPPs was characterized by bioinformatics method. Deletion analysis of the promoter of SmGGPPs using tobacco plant displayed that the promoter was induced by heat and cold. To further search these cis-elements involved in induction regulation in the 5' flanking sequence of SmGGPPs, many putative cis-elements were predicted with the PlantCARE and PLACE databases. A group of putative cis-acting elements are involved in induction regulation, including G-Box, WRKY, MYC and ATCT motifs. Real-time PCR analysis revealed that SmGGPPs is mainly expressed in the leaves and can also be induced by various factors, such as NaCl, wounding, high temperature, darkness, pathogen, methyl jasmonate, abscisic acid, salicylic acid, and gibberellins. This study provides useful information for further study of SmGGPPs and its regulator effect on the biosynthetic process of tanshinones so that researchers can improve the tanshinone contents in S. miltiorrhiza.